INTRODUCTION
============

Noise-induced hearing loss (NIHL) is a public health problem that can limit usual daily activities. Hearing loss can reduce physical and social execution behavior status and may induce psychological symptoms of anxiety and depression.[@B1],[@B2] Much effort has, therefore, been made to reduce the incidence of hearing loss in adults who are exposed to occupational noises. The incidence of NIHL has also been increasing in children and juveniles. For example, 40% of students between the ages of 16 and 25 years have audiological evidence of NIHL,[@B3] and 1% of children attending school were reported to have symptoms of NIHL in 1996.[@B4] More recently, 12.5% of students between the ages of 6 to 19 years were found to have noise-induced threshold shifts.[@B5]

NIHL in children and juveniles is related to noises produced during recreational and leisure activities. The noises produced by toys, band activities, motor sports and loud noises in concert halls and nightclubs have harmful effects on hearing.[@B6],[@B7] The use of personal music players can also cause noise-induced hearing loss in juveniles.[@B7],[@B8] Personal music players have very strong sound tones, and their maximum volume level can reach 78-136 dB.[@B7] At present, most Korean students have personal music players, and they are widely used for listening to music and radio programs, and for studying foreign language programs, and it was thought that NIHL could occur in Korean adolescents. We, therefore, assessed the use of personal music player among middle and high school students and the relationship between hearing threshold and usage pattern of personal music players.

MATERIALS AND METHODS
=====================

Four hundred and ninety middle and high school students were randomly selected and recruited from hospitals in four regions (2 sites in Seoul city, Gyeongi-do and Masan city) of Korea between June 1 and July 31, 2007. Students were excluded if they had serous otitis media or perforation of the tympanic membrane, as determined by otoscopic examination; if they had hearing loss due to other previous diseases; tinnitus; previous or current history of otologic disorders; previous exposure to loud sounds produced by toys or guns; or previous exposure to loud noises in concert halls. After explaining the objectives of this study, we obtained written informed consent from each student, and the study protocol was approved by our Institutional Review Board.

Each student was asked to fill out a questionnaire, which included questions regarding daily use of personal music players, overall usage period, listening method and types of personal music players, along with questions regarding the gender and age of each student. The cumulative usage period was calculated by multiplying daily usage time by usage period.

Each subject underwent a pure tone audiometry examination (Virtual -320, USA), which was performed at a hearing level testing unit in a university hospital equipped with facilities recommended by the American National Standard Institute (ANSI S3.1-1999).[@B9] For hearing measurements, a mixed method was used in order to minimize the effect of temporal threshold shifts and the learning effect. The signal intensity started at 30 dB and increased in 20 dB steps until the subject responded. The signal intensity was then increased in 5 dB steps until the subject responded. For each signal intensity, the procedure was repeated until the subject responded two of three times. Hearing was measured using a randomized presentation order for tonal frequencies. Hearing thresholds were expressed as the trisectional average hearing level using thresholds at the 500 Hz, 1 kHz and 2 kHz. Hearing thresholds were also measured at 4 kHz in all subjects.

For the statistical analysis of collected data, the hearing level threshold according to age, daily usage time, usage period, cumulative usage period, listening method, and type of personal music player was evaluated by multiple linear regression (SPSS 11.5). Independent Student\'s t-tests were used for analysis of the data by gender and comparison of hearing thresholds in the left and right ears (SPSS 11.5). Statistical significance was defined by *p* values less than 0.05.

RESULTS
=======

Of the 490 selected subjects, 167 (34.1%) were males and 323 (65.8%) were females. Their age distribution is summarized in [Table 1](#T1){ref-type="table"}. Of the 490 students, 94 (19.2%) were 13 years-old, 71 (14.5%) were 14, 79 (16.1%) were 15, 52 (10.6%) were 16, 95 (19.4%) were 17, and 99 (20.2%) were 18 years old.

Daily use of personal music players ranged from 1 to 3 hours in 229 students (46.7%). In addition, 164 students (33.5%) used these players for less than 1 hour per day, 62 (12.7%) used them 3 to 5 hours per day, 7 (1.4%) used them for more than 5 hours per day (1.4%), and 28 (5.7%) did not use personal music players ([Table 2](#T2){ref-type="table"}). The overall usage period of personal music players ranged from 1 to 3 years in 237 students (48.4%), less than 1 year in 108 (22.0%), 3 to 5 years in 93 (19.0%), and more than 5 years in 24 (4.9%) ([Table 2](#T2){ref-type="table"}).

We found that 399 students (81.4%) used mainly earphones (insert type), whereas only 53 (10.8%) used headphones (supra-aural type) and 10 (2.0%) used speakers. The most common type of personal music player was the MP3 player, used by 382 students (78.0%). In addition, 38 students (7.8%) used computers, 22 (4.5%) used CD players, and 20 (4.1%) used cassette tape players ([Table 3](#T3){ref-type="table"}).

In reviewing the results of hearing tests, we found that the means of hearing threshold and the hearing level at 4 kHz in male students were 16.4 ± 8.4 dB and 10.8 ± 8.7 dB, respectively, in the right ear, and 14.7 ± 8.3 dB and 9.2 ± 7.7 dB, respectively, in the left ear. The means and hearing level at 4 kHz in female students were 12.7 ± 8.0 dB and 7.9 ± 8.4 dB, respectively, in the right ear, and 11.0 ± 8.0 dB and 6.8 ± 7.7 dB, respectively, in the left ear. Male students had significantly higher hearing thresholds in both the left and right ears than female students ([Fig. 1](#F1){ref-type="fig"}).

In the subject population overall, the means and the hearing level at 4 kHz were 13.9 ± 8.3 dB and 8.9 ± 8.6 dB, respectively, in the right ear, both significantly higher than their respective levels, whereas 10.5 ± 5.7 dB and 7.6 ± 8.6 dB, in the left ear, respectively ([Fig. 2](#F2){ref-type="fig"}). Hearing threshold level in both ears was significantly higher in students aged 13, 14, and 15 years than in students aged 17 and 18 years ([Fig. 3](#F3){ref-type="fig"}).

Although there was no relationship between hearing threshold and daily use of portable music players ([Fig. 4](#F4){ref-type="fig"}), we observed significant increases in students who had used these players for more than 5 years (11.7 ± 10.3 dB and 9.8 ± 12.8 dB at 4 kHz for the left and right ears, respectively) compared with students who did not use personal music players (7.2 ± 4.3 dB and 4.8 ± 4.7 dB, respectively) ([Fig. 5](#F5){ref-type="fig"}). Hearing threshold at 4 kHz in the right and left ears was significantly higher in the 24 students with cumulative usage \> 15 hr × years (11.7 ± 10.5 dB and 11.0 ± 14.6 dB, respectively) than in the 466 students with \< 15 hr × years cumulative usage (8.7 ± 8.5 dB and 7.5 ± 7.5 dB, respectively; *p* \< 0.05) ([Fig. 6](#F6){ref-type="fig"}).

Subjects listening to music using speakers were found to have means and hearing levels at 4 kHz in the left (5.6 ± 4.1 dB and 5.0 ± 6.0 dB, respectively) and right ears (5.2 ± 3.7 dB and 1.9 ± 2.6 dB, respectively) that were significantly lower than those of subjects of using earphones or headphones ([Fig. 7](#F7){ref-type="fig"}). Subjects who used computers to listen to music were found to have satisfactory means and hearing levels at 4 kHz in the right (9.4 ± 7.5 dB and 7.4 ± 5.3 dB, respectively) and left ears (7.8 ± 6.1 dB and 4.7 ± 6.0 dB, respectively); these numbers were significantly different compared with subjects using other methods of listening to music ([Fig. 8](#F8){ref-type="fig"}).

DISCUSSION
==========

Hearing loss is associated with difficulties in usual daily life. Children and adults with hearing loss may have limited social activities, have a reduced quality of life, or develop psychological problems, including feelings of isolation and exclusion, as well as depression and cognitive disorders.[@B10] In approximately one-half of individuals with hearing loss problems, these losses are at least partially related to short term or chronic exposure to loud noises.[@B11]

Noise exposure is an important risk factor for hearing loss. Although exposure may be involuntary, many individuals are exposed voluntarily to noise, including people who listen to music using personal music players. The use of ear protection caps or the lowering of noise has been recommended for industrial workers who are exposed to an equivalent sound level (Leq) of \> 85 dB of noises for 8 hours a day. But, typical listener has the volume at a range between 75-100 dB[@B12] and individuals who listen to 15 minutes of music at 100 dB using personal music players may be exposed to the same level of loudness as industrial workers exposed to 85 dB in an 8 hour day.[@B13] Thus, NIHL in juveniles may be caused by the use of personal music players.

The impact of exposure to noise on hearing level can be affected by various factors. For example, susceptibility to inner ear injury due to noise was found to depend on personal susceptibility factors, including differences between left and right ears and time of day, suggesting that inner ear injury may result from genetically variable responses to noise exposure.[@B14] Indeed, we found that male students had significantly higher hearing thresholds than female students, and right ear hearing thresholds were significantly higher than left ear thresholds.

Although age was found to be an important risk factor associated with NIHL,[@B14] the study was performed in subjects aged 65 years and older, and thus, is probably not related significantly to our study, which was performed in teenagers. We found that hearing threshold levels were higher in middle school students than in high school students. This difference may be associated with a relatively higher exposure of middle school students to noise at a younger age, due to recent introduction of new types of personal music players, including the MP3 player.

Although there was no significant association between hearing threshold and daily use of personal music players, we found that students who had used these players for more than 5 years and students showing cumulative usage times of 15 hr × years had significantly elevated hearing thresholds at 4 kHz. These findings indicate that cumulative long-term use of personal music players can have a debilitative effect on hearing levels.

Students who used speakers to listen to music had significantly lower hearing thresholds than those who used earphones and headphones. Furthermore, although not statistically significant, students using headphones had lower hearing thresholds than students using earphones. Earphones are smaller in size, more conveniently carried, and more comfortable to wear than headphones. Moreover, unlike speakers, earphones can be used in public places. Earphones are, therefore, preferred by most individuals; indeed, we found that 81.4% of the students surveyed used earphones. By blocking the external auditory canals, however, earphones can elevate output power by 7-9 dB compared with headphones that cover the entire external ears.[@B15] In addition, more users of earphones than of speakers tend to elevate the sound volume to cope with environmental noises. Headphones may have effects similar to, but not greater than, those of earphones. These findings indicate that the use of earphones or headphone has a greater impact than the use of speakers in the development of hearing disorders. Hearing thresholds of juveniles who used MP3, cassette tape, and CD players were similar, whereas hearing thresholds of students who used computers were significantly lower. The superior hearing in the latter is likely due to their listening to music using speakers.

Chronic exposure to loud noise can cause noise-induced hearing loss by damaging hair cells in the organ of Corti. At birth, humans have about 16,000 hair cells in each ear, but damage to 30-50% of these cells can cause hearing level debilitation.[@B16] Noise-induced hearing loss is irreversible in the absence of effective treatments, and hearing aids improve hearing levels only slightly, making the prevention of NIHL imperative.[@B17] Hearing loss in juveniles can lead to many difficulties in future life, making the prevention of noise-induced hearing loss especially important in young people.

Studies have found that intake of vitamin and mineral rich foods, appropriate exercises, maintenance of clean oral hygiene and non-smoking are helpful in preventing the development of hearing loss.[@B18]-[@B21] In juveniles, however, the prevention of NIHL has to include avoiding of loud noises produced during recreation and leisure activities, maintaining lower volumes when using personal music players in quiet places, avoiding long hours of personal music player use and not using earphones.

Although there was a limitation for the ratio of female and male in the subjects that were selected, we found in this study that most juveniles in Korea use personal music players, and that most listen to music using earphones. Most adolescents included in the present study had used these players for about 1-3 hours per day for 1-3 years. In this study, the outstanding point was that cumulative usage and the use of earphones or headphones had deleterious effects on hearing levels. Therefore, to conserve hearing level, juveniles should avoid continued long term use of personal music players and use speakers when listening to music.

In our study, types of earphones were unconsidered as the factor affecting NIHL. However, there are many type of earphones in the market, though almost all types of earphones are semi-insert type in Korea. Thus, further examination may be needed for the types of earphone.
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